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Abstract

In the transdermal drug delivery system, the drug is administered through the skin and attains a systemic effect.
It is a drug administration route that includes drug transport to the epidermis and potentially dermal tissue of the
skin for locally therapeutic effect, while an exceptionally significant drug division is transported in systemic
blood circulation. This study aimed to formulate rasagiline mesylate (RM) as a transdermal microneedle (MN)
delivery. The RM is an antiparkinson drug that can be classified as class Il with low permeability and subjected
to extensive first-pass metabolism. At first, it was formulated as nanoparticles using the chitosan polymer and
ion gelation method. Afterward, the prepared nanoparticles were incorporated into a transdermal MN
formulated by a polydimethylsiloxane template. The two-step casting process uses two polymer concentrations
of polyvinyl alcohol and mixes them with other polymers in a 3:1 ratio (polyvinylpyrrolidone and chitosan) and
glycerin as a plasticizer. The selected MN formula was MN4 with a promising shape, no bubbles, fine and well-
formed sharp needles that passed the folding endurance test with 130 folding times before broken, drug content
of 97+10.02%, and ex vivo permeation. The results showed a significant (P<0.05) permeability enhancement
and increase of flux (160%), compared to the transdermal patch. The RS polymeric nanoparticles were
successfully prepared and loaded within dissolving MNs of sufficient mechanical strength to penetrate the
stratum corneum and enhance the amount permeated through it to induce the systemic effect transdermally.
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1. Introduction

In the transdermal drug delivery system, the drug is
administered through the skin and attains a systemic
effect. It is a drug administration route that includes
drug transport to the epidermis and potentially the
dermal tissue of the skin for local therapeutic effect,
while an exceptionally significant drug division is
transported in systemic blood circulation (1).

Many advantages of using a transdermal drug delivery
system make it the most appropriate choice in many
cases. These advantages include the possibility of self-

medication, reduced side effects, maintained and
extendable plasma concentration and duration of action,
gastrointestinal tract compatibility, and reduced number
of dosage frequencies (2, 3). Therefore, it is easy to
remember and use for the patients, has a more extensive
application area, compared to the nasal and buccal
cavities, and prevents first-pass metabolism. Moreover,
its disadvantages should be taken into consideration (4),
such as the possibility of allergic reactions, the
unattainability of high therapeutic levels of drugs, the
difficult passage of ionic drugs, and significant lag time.
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For the development of a transdermal drug delivery
system, it is very important that the drug be chosen
with great care. Drug substances with a molecular
weight (MW) of < 500 kDa and sufficient lipophilicity
and partition coefficient can be absorbed through the
skin.

1.1. Percutaneous Penetration Enhancers

There are several ways to increase stratum corneum
permeability to attain higher therapeutic levels of the
drug. These mechanisms can generally be classified
into two categories based on the mode of action via
which they exert their effect on chemical and physical
enhancers (5).

Chemical penetration enhancers are incorporated to
alter the barrier ability of the stratum corneum, thereby
facilitating the absorption of drugs through the skin,
such as alcohols and polyols (ethanol and propylene
glycol) as well as surface active agents (Tween, Span,
sodium lauryl sulfate) (6). It should be mentioned that
physical enhancers are devices that act physically to
improve the penetration of drugs through the
transdermal route (Figure 1).
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Figure 1. Physical penetration enhancement devices (7)

Many physical enhancers improve skin penetration,
like iontophoresis, electroporation, needleless injection,
sonophoresis, magnetophoresis, and microporation.
Microporation is based on the improvement of skin
permeation by piercing the stratum corneum only by
the application of micro-sized sharp projections, called
microneedles (MNSs), to the skin (8). Rasagiline is a
selective and irreversible propargylamine (Figure 2)
with a slight chemical difference in the side chain
structure, compared to selegiline (9).
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Figure 2. Chemical structure of rasagiline (9)

In addition to the inhibition of MAO-B, rasagiline
mesylate (RM) also exhibits antioxidant and anti-
apoptotic activity in experimental models, which may
potentially  translate  into  long-term  clinical
neuroprotective benefits (10). The RM is subject to
extensive first-pass hepatic metabolism, resulting in
poor and highly variable oral bioavailability (35%).
Moreover, it should be mentioned that it exerts linear
absorption at doses of 1-10 mg per day (11). This
research aimed to enhance the effect of RM by:

e Increase of bioavailability by avoiding first-pass
metabolism

o |ts presentation as a successful alternative to injection
in emergency cases (dysphagia and unconsciousness)

¢ Enhancement of its permeation

This goal can be achieved by the formulation of MNs
for transdermal administration.

2. Materials and Methods

The RM, potassium dihydrogen phosphate, and
disodium hydrogen phosphate were provided by
Hangzhou Hyper Chemicals Limited (China).
Furthermore, polyvinylpyrrolidone (PVP), polyvinyl
alcohol (PVA), glycerol, chitosan, and dialysis
membrane 800-1400 kDa were from Pancreac Quimica
SA. (Spain), Riedel De Haen AG (Germany), BDH
(England), LMW Giusto Faravelli (Italy), and HiMedia
Lab Pvt. Ltd (India).

2.1. Preparation of Rasagiline Mesylate Polymeric
Chitosan Nanoparticles
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Chitosan (CS) nanoparticles were prepared by drop-
wise mixing (ion gelation). The CS was dissolved in an
aqueous 1% acetic acid solution to produce a specific
concentration by stirring for over 24 h. The solution
was filtered and centrifuged at 4,000 rpm for 10 min at
25 °C to remove any insoluble polymeric residues.

A specific amount of RM was added and mixed with
a solution to prepare a 1 mg per 3 mL formula. The pH
of polymeric solutions was adjusted by adding NaOH
(1 M) to 5.5. Subsequently, the freshly prepared
tripolyphosphate aqueous solution was added dropwise
to the prepared CS solution in a ratio of 1:3 sodium
tripolyphosphate to CS under vigorous magnetic
stirring at 25 °C (12).

A particle size analyzer characterized the resultant
polymeric nanoparticle dispersion by particle size and
polydispersity index. In addition, the entrapment
efficiency was measured to detect the amount of drug
incorporated inside the polymeric nanoparticles
precisely by filtration using Amicon ultrafilter (Merck,
Germany) with a molecular weight cut-off (MWCO
3kDa), centrifuged for 15 min at 3,000 rpm. The
amount of free drug was  determined
spectrophotometrically by measuring the UV
absorbance at 271 nm and application of the following
equation:

WT — WF
wT

Where WT=total drug weight, which is the weight of
the initial drug used, and Wf=free drug weight, which
is the weight of RM calculated in the filtered layer after
ultrafiltration of the aqueous dispersion (13).

2.2. Fabrication of Dissolving Microneedles

Dissolving MNs were made using a two-step casting
process. In the first step, nanosuspension equivalent to
1 mg RM (3 mL of nanosuspension) was used.
Moreover, the filled sample was subjected to sonication
for 2 h to penetrate MNs as the ultrasonic waves
facilitated the direction of drug-loaded nanoparticles
toward the tips of the needles to ensure optimal drying.
Afterward, the MN samples were put in a desiccator for

EE% =

10 min under vacuum and left there for 24 h at room
temperature.

In the second step, 20% w/v polymeric solution was
prepared from various polymers and plasticizers. The
produced polymeric solution was thoroughly dissolved
in deionized water and left to settle overnight to release
any trapped air. Afterward, the previously cast and
dried nanoparticle dispersion was covered with 3 mL of
the polymeric solution. The mold was then sonicated
for 2 h for optimal filling of the needle cavities,
vacuumed for 10 min, and left to dry in a desiccator for
48 h at ambient temperature. The produced MNs were
removed from the template and covered in foil for
further analysis (14).

For the preparation of chitosan-containing formulas,
the following method was employed. The CS powder
was first dissolved in a 1% (w/v) aqueous solution of
acetic acid to obtain a 2% (w/v) CS solution. The
viscous CS solution was dialyzed (MWCO: 14 kDa) at
room temperature against deionized water for 48 h with
several water exchanges to remove the excessive acetic
acid (final pH of approximately 6.0). This near-neutral
CS solution was purified by filtration, and water was
subsequently evaporated until the concentration of the
CS solution was approximately 10 wt%, which resulted
in a viscous hydrogel (15). The components of various
MN formulations are summarized in table 1.

Table 1. The components of the various microneedles formulations

Polymer Conc. (wiv %) Plasticizer Conc.

Formula (W/w%o)
code z\)/lﬁ\ I:(\gg chitosan Glycerol
MN1 10 5
MN2 20 5
MN3 15 5 5
MN4 15 5 5

2.3. Dissolving Microneedles Characterization
2.3.1. Morphology of Microneedle Patches

The MN patches were visually checked for
imperfections before being studied under a digital
microscope to assess morphological characteristics and
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needle dimensions. The resulting pictures were then
processed using Image-J software.
2.3.2. Folding Test

Folding endurance is the number of folds achieved
without breaking the patch by repeating the folds in the
same position. The folding endurance of three patches
of the selected formula was measured and the results
were recorded and analyzed.

2.3.3. Drug Content in Microneedles

In total, three MN patches (2 cmx2 cm) were
obtained from each formulation batch. These strips
were placed in 50 mL ethanol solution and kept on a
magnetic stirrer for 3 h. Afterward, the solution was
filtered and appropriately diluted using a suitable
solvent, and RM concentration was calculated by
measuring the absorbance of the drug based on Amax.
2.3.4. Ex vivo Permeation Study

A Franz diffusion cell was used to perform an ex vivo
permeation study through human abdomen skin that
had been micro-needled (specification: internal area of
1.77 cm? and capacity of 50 mL).

The skin samples were provided by a 50-year-old
female with subcutaneous fat at Royal Private Hospital.
Accordingly, about 6x6 cm of skin was trimmed from
the mid-abdominal region within 1 h of the plastic
surgery.

The subcutaneous fat was trimmed and hairs were
removed from the full-thickness skin graft and used for
the experiment as fast as possible. The receptor
compartment was filled with phosphate buffer of pH
7.4 and Teflon tape was used to firmly seal the sides of
Franz cell.

A magnetic bar was used at 100 rpm in a receptor
medium for continuous agitation, and the study
continued for 8 h. The MN, which was loaded with
polymeric nanoparticles equivalent to 1 mg RM, was
dissolved in the donor compartment. To prevent the
evaporation of the permeation medium, the donor
chamber and the sampling arm were wrapped with
Parafilm M® (Bemis, USA).

Afterward, 1 mL of the sample was removed and
replaced with a fresh receptor medium to preserve the

sink condition. The withdrawn sample was then filtered
and subjected to spectrophotometric analysis, and the
total amount of medication that permeated through the
skin was measured.

The experiment was performed using abdominal skin
that had not been exposed to MN. Moreover, the
permeation study was carried out by distributing
polymeric  nanoparticles containing the same
components of MN but cast as a transdermal patch in a
Petri dish, equivalent to 1 mg of RM, and maintaining
the same experimental settings in the donor
compartment. It should be mentioned that the steady-
state flow and permeation enhancement parameters
were also computed.

3. Results and Discussion

3.1. Characterization of Polymeric Nanoparticles

Production and stabilization of  polymeric
nanoparticles depend on various factors, and their
careful selection is essential for successful nanoparticle
preparation. Usage of CS polymer and ion gelation
method within the specified parameters produced
nanoparticles with the desired and acceptable features,
including particle size of 143+7.2 nm, polydispersity
index of 0.382+0.079, and entrapment efficiency of
99+1.4%.
3.2. Characterization of Dissolving Microneedles
3.2.1. Visual and Microscopical Examination

The first evaluation of the prepared MNs was
performed by visual inspection and microscopical
examination (Figure 3). The MN1 and MN2 were
prepared using PVA polymer with glycerol as a
plasticizer for formulations; no regular and well-
formed needles were observed, and rounded edges
were found. This may be due to the high viscosity
of PVA-glycerol solutions despite using three
different concentrations. This viscosity prevented
solution incorporation into the holes to form the
desired needles (16). The MN3 and MN4
formulas had suitable shapes, were free of
bubbles and transparency, and had well-formed
sharp needles.
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3.4. Drug Content in Dissolving Microneedles
Drug content analysis showed that all formulas contain
RM ranging from 94% to 107% of the designed dose
(MN1: 98+2.4, MN2: 95+6.8, MN6: 102+6.88, and
MN8: 97+10.02). However, it is considered an
acceptable quantity and lies within the USP
specifications (17).
3.4.1. Ex vivo Permeation Study

Figure 4 illustrates the permeation curves of MN3 and
MN4 microneedles and studied formulations of
transdermal patches. These curves represent the
cumulative permeated amounts through the skin for
each square centimeter per hour.
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Figure 3. Visual and microscopical examination of
microneedles

3.3. Folding Endurance

Table 2 summarizes the results of the folding test for
MN formulations. The values from 135 to 225 were
observed in all batches. This revealed that the prepared
films could withstand mechanical pressure along with
good flexibility.

Table 2. Folding endurance test results

Formula Folding times
MN1 195+1.2
MN2 210+1.45
MN6 150+1.08
MN8 130+2.3

Figure 4. Permeation curves of the studied formulations MN3
and MN4 microneedles and transdermal patch

Flux (J) was calculated by the slope of the curve
obtained from the plot, which was equal to 26.7
pg/cm?h, 18 pug/cm?h, and 10.24 pg/cm?h for MNS,
MNB®6, and the transdermal patch, respectively. Hence,
there is a significant (P<0.05) permeability
enhancement and increase of flux for MN8 (160%) and
MNG6 (80%) microneedles, compared to the patch.
Based on the results of this study, the following points
can be concluded:

-The formula used for the preparation of rasagiline
MN by PVP, CS polymers, and glycerol as a plasticizer
was a successful formula with desirable mechanical
and permeation properties.
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- Micromolding for the preparation of MN is a facile,
simple, and reproducible method.

-Dissolving  MNs can successfully mediate the
delivery of RM nanoparticles transdermally.
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